Greece was relatively tardy in implementing a national rail network. The Greek Railways Organization, OSE, was formed in 1970 uniting a number of regional railroads, some dating back to 1884. The current rail network in Greece has a length of approximately 2,500 km with standard and metric gauge tracks. Disadvantages of the network include a high percentage of single line track, lack of homogeneity of track gauge, inefficient alignment, absence of intermodal connections and many at-grade intersections. Advantages include double tracks in a significant part of the Athens-Thessalonica axis that serves more than half of Greece's population, improved operational controls and popular Intercity trains offering speedy service. Factors that affect railroad passenger and freight volumes are competition from airlines and motor carriers, gas price, inflation and GNP. These were used to estimate time-series models. Forecasts indicate increasing passenger and decreasing freight demand. OSE could provide a valuable and viable passenger service if cost-effective expenditure for improving it is possible. The future of freight operations is not hopeful. Additional emphasis may be placed on lines with historical and cultural significance. Further study is needed to assess the sustainability of forecasts vis-à-vis actual market shares and costs.
Introduction and Historical Summary
This paper investigates information on the past and present of Greek railroads, as currently represented by the Greek Railway Organization (OSE), beginning with the birth of Greek urban and regional railroads in the 19th Century. Models were developed to produce forecasts that attempt to shed light into the future of intercity railroad transportation in Greece. Market share and cost issues were not addressed in this research. This work may be of particular interest to decision makers and rail administrators since large amounts of European funds are currently invested in upgrading major rail lines such as AthensThessaloniki and Athens-Patras.
The paper is structured as follows. A historical review of railroads in Greece is presented in this section followed by a description of the railroad network in Greece in section 2. Section 3 presents basic comparisons with railroad networks in Europe. Positive and negative characteristics of Greek railroads are described in section 4. Section 5 presents general and operational characteristics as well as economic variables that affect railroad transportation. Models and forecasts are presented in section 6 followed by a discussion and the conclusions.
Although major railroad development began in the early 1800s, Greece was tardy in implementing a railroad network. Greece was reestablished in 1828 following the War of Independence against the Ottoman Empire which commenced in 1821. This war left the land barren due to neglect and destruction (1) . The sacrifices made in the war of independence and numerous external loans that Greece had to contract to meet its obligations delayed the development of railroads compared to other countries in Europe.
The mountainous terrain and sparse population discouraged private enterprises from developing private railroad networks. Electrification was completed in 1954. This metropolitan rail line was the only urban railroad in operation in Greece until January 2000 when the Athens Metro was put in operation. This paper focuses on intercity passenger and freight railroads; as such, no further attention is given to metropolitan rail.
Several old rail lines add aesthetic and cultural value and are connected to national history (2) . Examples of cultural significance include:
• The 22-km narrow-track (0.75 m) route of Odontotos railroad is an Abt-type railroad that uses a rack to move up steep cliffs. It originates at a junction with the Athens -Patras line and terminates at Kalavryta where Greece declared its independence from the Ottoman Empire.
• The 28-km rail line from the city of Volos to the village of Milies in Pelion Mountain is one of the few 0.60-m narrow track rail lines in the world. This historic route is serviced by steam locomotives and restored wagon-cars and provides access to landscapes of significant sightseeing value.
• The winding route from the city of Drama to the Valley of the Nestos River which possesses significant ecological importance. The floodplains and associated wetland surrounding the Nestor River are protected by the Ramsar Convention and rail is the only mode that affords views inside the valley.
• Other small routes of historical significance or tourist interest such as Ancient Olympia, the popular summer resorts of Loutraki and Xylokastro and Nafplio (capital of Greece in the 19th Century).
Railroad Networks in Greece
The Presently the entire railroad network in Greece consists of 2,507 km of track of standard and metric gauge. The network encompasses three main lines:
• The 594-km standard gauge (1.435 m) Piraeus -Athens -Thessalonica -FYROM axis which constitutes a section of the European High Speed Network. This axis is in immediate proximity to areas that contain 54% of the Greek population (4).
• The 220-km long Athens -Corinth -Patras axis with 1.00 m metric gauge.
• The 632-km long standard gauge Thessalonica -Alexandroupolis -Turkey axis.
Passenger service is concentrated on the Patras -Athens -Thessalonica route while freight is concentrated on lines connecting Thessalonica to northern (FYROM, Bulgaria) and eastern (Turkey) borders as well to Athens via Larissa. It is anticipated that the railroad line
Patras -Athens -Larissa -Thessalonica will become a high-speed fully electrified line by the year 2004, connecting nearly two thirds of the country's population. Tables 2a and 2b (7) present passenger and freight characteristics of the 15 EU countries and 10 Eastern European countries. Greece lags behind both groups of countries.
Comparisons with European Railroad Networks
To highlight the low usage of rail in Greece, the outcome of 0.2 billion pass-km per person for Greece could mean that 6 out of 100 Greeks travel once a year by rail over a distance of 300 km. (This is one of an infinite number of possible descriptions.) In comparison, 10 out of 100 EU residents travel once a year by rail over a distance of 300 km, and 18 out of 100
Eastern Europeans travel once a year by rail over a distance of 300 km.
Railroad track gauges in Greece and similar to Greece (5) 
Positive and Negative Aspects of Greek Railroads
Major disadvantages of Greece's railroad infrastructure can be summarized as follows (8,9).
• High percentage of single line track.
• Lack of homogeneity in track gauge: the difference in track gauge between the Peloponesse and Athens -Thessalonica lines severely hinders north-south connections, necessitating multiple transfers and reducing the attractiveness to potential customers. The track gauge difference is an important factor for the poor development of railroads in Greece.
• Unsatisfactory alignment: small horizontal curvatures with radii in the order of 300 m and steep vertical slopes (often up to 2.5%) prevent the development of high speeds, raise fuel consumption and increase travel times.
• Antiquated tracks that hinder the movement of heavy and high-speed locomotives and rolling stock.
• Insufficient rail connections, yards, ramps and freight-handling infrastructure at the major mainland Greece ports of Elefsina, Kavala, Piraeus, Patras and Thessalonica hinders or precludes marine-rail intermodalism.
• Lack of a modern and spacious commercial station and marshalling yard in the greater Athens area. The under construction port of Ikonio is designed to address this and the previous shortcoming.
• Existence of 2,587 at-grade intersections with the highway network, often inside cities, render high-speed movement of trains impossible and is the cause of serious accidents. OSE trains are forced to cross the distance of Piraeus to Athens with a mean speed between 20 and 30 km/h due to numerous at-grade crossings with local streets. These at-grade crossings essentially bisect Athens and result in long delays to both highway and railroad traffic.
Advantages of Greece's railroad infrastructure can be summarized as follows (9) .
• Existence and operation of double tracks in a significant part of the main axis AthensThessalonica.
• Improved signalization and automation and funds committed for further expansion and updating.
• Popular Intercity trains offer better service to the public (Table 3 provides a comparison).
• High frequency of departures.
General and Operational Characteristics
Railroads traditionally transport passengers and freight such as coal, grain, oil, chemical products, pulp, paper and forest products, vehicles, machinery and spare parts. Passengerkm and freight ton-km show a 50% market share for Greek railroads in both passenger and freight volumes around 1950, declining to about 11% for passengers and 18% for freight in 1970 and to about 4 to 4.5% for both passengers and freight in 1996 (4). Draft recent data paint a bleaker pictures with passenger share below 3% and freight share below 1%. The loss of market share in the last 40 years for Greek railroads is dramatic, especially in the case of freight where OSE lost almost 90% of ton-km. In contrast, road transport gained nearly total dominance in passenger transport and more than doubled its share in freight transport, capturing in both passenger and freight markets more than 95% of total land transportation.
The loss of market share is not exclusive to Greece. Similar highway and railroad passenger and freight figures prevail in the 15-country European Union as shown below (6) .
Notably, in the 1970 to 1997 period, ton-km of freight increased by 107%, but railroad tonkm decreased by 16%. Market research carried out jointly by Olympic Airways and OSE confirmed that passengers are most annoyed by delays, lack of cleanliness, too many stops, slow speed and rude behavior of OSE employees (in rough order of preference (10)). More recent market research carried out between November 1996 and January 1997 showed that freight customers chose OSE mostly because of competitive pricing and safety (11) . On the other hand, they avoided Greek railroads primarily because of long departure and en-route delays, bureaucracy and rude employee behavior (11) . It is widely acknowledged that OSE lags in terms of service quality compared to its competition.
Exhibit 1 presents the trends in passenger and freight loads as a straight measure and in terms of passenger-km and ton-km. The decline in passenger volume between 1977
and 1983 coincides with the recovery of democracy in Greece after a 7-year government by a military junta. Austere economic policies were enacted by the democratic government of Karamanlis. Those led to economic depression resulting in a reduction in both passenger travel and freight (imports and exports). The consequences to Greek rail were an acute lack of modernization, lack of rolling stock, lack of proper maintenance of rolling stock (e.g., typically 60-70% of rolling stock was unavailable) and poor performance (e.g., average
speed of 60-65 km/h). These conditions created a particularly fertile ground for motor carriers.
Overall, tons are relatively high and ton-km relatively low. The latter is largely due to the short distance between the port of Thessalonica and the northern borders with FYROM (and the rest of Yugoslavia) and Bulgaria. The decrease in both freight tons and freight tonkm of 1982 was due to:
• the discontinuation of an important grain transport contract that was competitively awarded to motor carriers, • a significant decrease in lignite (a type of coal) transport for LARCO, a public sector company that in 1982 ceased operation for 8 months, • decline in tobacco, fruit and grocery exports, • significant decline in agricultural areas available for sugar beet cultivation, and • decline in construction.
A sharp decline in freight tons occurred after 1993. This is attributed to a Europewide economic recession that affected Greece severely. Other reasons include a decline in the transportation of sugar and sugar beets (produced by a state company), chemical products, crude oil, fertilizers and military materials. It is interesting to note that the 1993 decline was compounded by OSE's inability to transport coal for the BIOLIGNIT Company. In 1995, BIOLIGNIT terminated its contract with OSE and turned to private motor carriers. In the mid-1990s, imports and exports also suffered greatly due to regional wars in Yugoslavia; this freight was diverted to trucks which transported it to and from Greece via ferry connections with Italy.
Income from operations appears to grow considerably in the 1990s particularly for passenger operations. However, when adjusted for inflation, income from passenger operations is rather stable from the mid 1980s to the late 1990s, whereas income from freight has experienced a continuous decline since 1975. Exhibit 2 presents a series of factors which draw a partial picture of the economy and transportation in Greece. These factors influence railroad trends directly or indirectly. Most of these factors were used in developing the forecasting models described in section 6.
The per-capita gross national product (GNP) of Greece has been increasing, though at a decreasing rate, as the country transitioned from a developing to a developed economy.
With the monetary induction of Greece into the European Currency Unit (ECU based on the euro) on June 19, 2000, Greece surpassed the lower boundary of a fully developed economy.
Its population has been increasing steadily at a modest rate, higher than the average rate for Europe but lower than the average rate for the U.S.
Tourist arrivals also have increased annually, but at a decreasing rate as crowding and unavailability of accommodations in peak periods lead to near-saturation, although cruises and off-season tourism are developing markets. The small reductions in tourist arrivals in the 1990s are attributable to wars in Yugoslavia (Croatia, Bosnia and Kosovo conflicts with Serbia). These conflicts eliminated a direct highway connection between Greece and the huge tourist market of northern Europe and created oversaturation on the ferry links between Greece and Italy (i.e., capacity-constrained arrivals.)
Traditionally, Greece has been seen as a sea-fearing and agricultural nation.
However, the contribution of agriculture to GNP has stabilized to slightly below 10% in the 1990s. Thirty years ago, it was three times higher. This condition further reduces demand for rail freight services. In addition, diversification of agriculture into specialized crops (e.g., kiwi, strawberries and other perishable, delicate and high-value agricultural products) necessitated the use of motor carriers for speedy transport to export or domestic distribution centers.
Inflation rates higher than 10% occurred in all but six of the 28 years examined in this analysis . Inflation was necessary for Greece to reach monetary parity with its western European counterparts in the Union. Inflation control in the late 1990s was a precondition for admission to the European Union's single currency. As a result, the exchange rate of the drachma vis-à-vis hard currency has suffered between 1980 and mid - rather stable throughout the 1990s making cars an increasingly formidable adversary to the railroad for intercity travel.
Models and Forecasts
This section presents an attempt to connect several performance measures of Greek railroads with external, explanatory variables such as GNP, gas price, vehicle registrations, domestic airways passenger loads, inflation, exchange rate and so forth. In addition, basic, short-term forecasts were estimated for the purpose of revealing a likely trend in the aforementioned railroad performance measures.
Data were gathered for the period 1970-1998; we elected to start our investigation in 1970 because OSE was formed at that year. These data were collected from the Statistical
Bureau of Greece and cross-validated with OSE Annual Reports since 1970. This is the first time such a thorough compilation of time-series railway data is presented. Most of the variables considered are depicted in Exhibits 1 and 2. Both ordinary least squares regression (OLS) and auto-correlated regression estimated with maximum likelihood (procedure AREG in SPSS) were estimated. Nearly 180 models were estimated. The ten best specifications are presented in Table 3 .
The table shows the four dependent variables in the left-most column; they are railroad passengers, passenger-km, tons, and ton-km. The independent variables column includes the regression constant (intercept), the explanatory variables and, in the case of autocorrelated regression, the first order autocorrelation factor AR(1). R Before looking into the forecasts depicted in Exhibit 3, the independent variables and their contribution to each model are discussed.
• Rail Passengers (RPASS) is affected negatively by inflation-adjusted gas prices (variable GAS88.) Cheaper gas makes travel by auto more affordable which, in turn, reduces the rail passenger count. Similarly, air travel is a major competitor to rail thus a negative coefficient was estimated for the domestic passenger count for Olympic Airways (variable OLYMPIC). Inflation rate (variable INFLATION) has an effect similar to that of gas price, but the effect of inflation is stronger (as it should be) because it not only affects gasoline, but also other motoring costs such as maintenance, insurance, tolls, etc. The best model is a first order autoregressive one which maintains inflation rate in the specification.
• Rail Passenger-km (RPASSKM) is affected negatively by gas prices and positively by the GNP trend (variable GNP88$.) The latter is intuitive. A higher GNP (in constant 1988 U.S. dollar terms, per capita) typically corresponds to higher travel activity, some of which is by rail. The best model is a first order autoregressive one which maintains GNP in the specification.
• Rail Freight in metric tons (RTONS) is affected negatively by truck registrations (variable TRUCKS) and positively by inflation. Both of these outcomes are intuitive.
Competition from an increasing pool of trucks reduces the freight carried by rail. Inflation affects rail freight positively because it takes a toll on motor carrier costs and pricing. In contrast, OSE increased freight prices by 1.5% while inflation increased by 30% (see earlier data). The best model is a first order autoregressive one which maintains inflation rate and truck registrations in the specification.
• Rail Freight in metric ton-km (RTONKM) is affected negatively by truck registrations and positively by gas price. Both of these outcomes are intuitive for reasons which are similar to those discussed above. The best model is a first order autoregressive one which maintains gasoline price and truck registrations in the specification.
As expected, most models suffered from auto-correlation since they were estimated with time-series data. In addition, many independent variables were highly correlated with each other. As a result, all but one independent variable was included in the final model in some cases. For example, high correlation exists between constant GNP and constant gasoline prices. Exchange rate and passenger cars are also positively correlated since both of them grew rapidly in the time period examined and they also correlate with the passenger loads carried by Olympic Airways domestically, for the same reason. Tourist arrivals, GNP growth rate and exchange rate proved to be weak variables and do not appear in any of the models. Truck registrations appear in freight models. Passenger car registrations had a strong negative association with railroad passenger loads but were excluded from the final specifications due to collinearity with inflation.
In addition to a visual depiction of model fits, Exhibit 3 presents short-term forecasts through 2005. These forecasts were prepared by making a number of assumptions based on reports in The Economist (Jan. 30, 1999, p. 106, May 27, 2000, p. 108) and the OECD (www.gsu.edu/~wwwrer/Annotated/Global_Markets/greece1.htm). The following growth rates were used:
• GNP: 3% per annum.
• Inflation: 5% for 1998, 4% for 1999 and 3% for 2000 to 2005.
• Gasoline price: increases are equal to rate of inflation.
• Domestic airline passenger growth: 5% for all years; same as for the 1991 to 1998 period.
• Truck registrations growth: 3.5% for all years; same as for the 1991 to 1998 period.
The forecasts indicate increases in passenger measures and decreases in freight measures. These outcomes also are intuitive. OSE can provide a valuable and viable passenger service which should remain competitive given that steps are being taken to improve service. Examples of such steps include the speedy service on dual rail trucks along main corridors, the 26 new diesel locomotives which were delivered in 1997, and electric traction which was introduced in 1997 at the Thessalonica -FYROM border line. Roadway and airport congestion on one hand, and rail efficiency (which enables lower fares) on the other hand are elements that support demand for passenger service.
The future of freight operations is not hopeful. Strong decreasing trends are observed which are consistent with observations such as:
• Greece has never relied on heavy industry. As its economy enters a developed state, it is further diversifying into services and high technology industries (computers, telecommunications, etc.) which require little heavy transport capability.
• Agriculture, as shown in Exhibit 2, continues to decrease in significance.
• New pipelines through former Soviet nations carry oil and natural gas directly to Balkan nations. A rail link to the Mediterranean Sea is becoming less important.
• Military needs are decreasing as local wars and diplomatic efforts appear to have sorted-out several long-standing disputes caused by end of WWII arrangements and by Cold War era policies.
A strong caution must be raised here: This paper did not examine OSE's fiscal documents and trends and it did not investigate actual market shares and average cost per trip. It is possible that OSE's value of service is both miniscule in terms of share and it is negated by continuous operating deficits and extraordinary costs for capital improvements.
Discussion and Conclusions
Greece is characterized by several peculiarities as a member of the European Union such as Railroad passengers and passenger-km reached a low in the early 1980s and have been increasing since then except for marked decreases in 1994 and 1998. Our short-term forecasts paint a hopeful picture. It appears that strong attributes of OSE passenger services are low fares and the provision of fast service to compete with air transport, particularly on the Athens -Larissa -Thessalonica axis that covers a market of 6 million people.
Freight tons and ton-km exhibit a steady decrease in the last 30 years. Although the overall picture is consistent with similar trends in most developed economies, low service quality and tardiness in modernization contributed to Greece's lagging position among EU members. Our models show that competition from motor carriers is a strong negative factor and low rail prices are a positive factor. However, Greece's location and economy (lack of heavy industry, low exports, decreasing needs for agricultural product transport) and its mountainous geography do not bode well for railroad freight transportation.
The overall findings suggest that OSE should concentrate passenger operations.
Additional emphasis may be placed on historical and cultural railroads which, with proper restoration, marketing and accessibility may provide an supplementary source of income. A detailed study that includes analysis of market shares (to assess OSE's contribution to transport demand) and costs (to assess the true cost of providing existing and improved service) is needed. This future study should determine whether OSE's role in Greece's transportation system is a productive and cost-effective one. 
